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"Eﬂz BOILING THRESHOLD"

S U MM A RY

j12A%

A test was conducted to determine the minimum
temperature difference (between a heated wall and
LH2 at its boiling point) required to initiate
boiling (i.e., the formation of bubbles) in zero-g.

A cell of LHZ in normal gravity was heated from

the top to eliminate convection currents and thus

to simulate zero-g conditions, Boiling started
at less than 0.2°R AT on a relatively rough sur-

face, but a 6°R AT was required for a plate

finished to 1.25 micro inch RMS, WM
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INTRODUCTION:

.During the coast or orbital phase of a
typical Centaur flight, the liquid hydrogen fuel
will be in a zero gravity field. Under such eon-
ditions the liquid would wet the walls of an
unheated tank, leaving the ullage space in the
center. The heat absorbed by the tank walls is
a function of the wall temperature, but can that
temperature he above the temperature of the Lﬂz?
This Qquestion is answered in this report. ,

The threshold temperature and heat flux re-
quired to initiate nucleate boiling of LH, near
atmospheric pressure and under one-g was pre~
viously measured using a thin lead film deposited
on a standard lahoratory glass slide (cf., Ref: A),
The film war immersed in a horizontal position
(lead on top) and heated by passing a current
through the film., This procedure produced boiling
with associated convection currents. Under these
conditions the temperature difference (from heat
source to liquid) required to produce nucleate
boiling was 2.3 to 3.5 R*.

A separate test was required to determine
the minimum temperature difference that would
initiate nucleate boiling under essentially
steady state conditions and zero-g. The test,

- celled the "LH, Boiling Threshold", was run during

the winter of %961 - 62, This report contains a
description of that test and dircusses the results.

When a liquid in one-g is heated from the
bottom of the container, convection currents are
preduced by the cooler (and denser) upper portion
of the liquid displacing the hotter (and less
dense) liquid nearer the bottom due to the in-
fluence of gravity. Obviously, no such free
convection pumping will occur in zero-g. In
this test, therefore, the liquid was heated
from the top, hence the lighter portion of the
liquid' was already on the top and no convection
currents were produced. Consequently, the test
simulated a zero-g condition,
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TEST EQUIPMENT:

The test equipment (See Figure 1) consisted of an

‘isolated cell of LH arranged so that the top plate of

the cell could be heated and the formation of bubbles
observed. The cell was immersed in a 25 liter glass
dewar of LH Three different top plates were used in
the test, 11 were made of copper with heater wires -
installed inside, The wires were spaced to supply a
uniform heat flux per unit area to the surface of the
plate, Figure Nol 2 shows the geometry of these plates.

Plate No. 1 was a disc surrounded by a guard ring
and was assembled with epoxy between the two pieces.

Plate No. 2 was a single disc with a modified edge
geometry to improve the drainage of bubbles from

the.initinl,Lﬂz.cell filling.

Plate No. 3 was Plate No. 2 with a polished coin-
silver disc (1% inches in diameter and 3/32 inches
thick) soldered to the bottom.

The bottom of the test cell was a flat copper plate,
and the cylindrical wall, made from Plexiglas, allowed
visual observation into the cell. The complete cell con~-
tained a cvlinder of LH, that was isolated from the
convection currents in %he dewar.

The test cell was filled through two small holes in
the Plexiglas located near the bottom plate and vented
through a tube through the top plate and a pressure con-
trol valve.to the atmosphere. The filling holes also
insured that the pressure in the test cell was the same
as the pressure in the rest of the dewar. The dewar
ullage pressure was controlled by throttling the vent.
(The Neoprene seal between the dewar top and side limited
the maximum pressure to about 25 inches of water.)

For all plates, temperatures were wmonitored with
two thermistors (Keystone Carbon Co., Type LO904), one
in the top plate and one in the bottom plate. Figure
No. 3 shows a schematic of the test instrumentation.
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TEST PROCEDURE:

Normal Test Rum:

After purging the test assembly, the dewar was
filled with LH, and topped off five minutes later. In
about 15 minutes there were no bubbles in the tesat cell
and the thermistor resistance had stabiliszed at the
initial temperature. The resistance was then recorded
and a heater current set. Due to the lag in the tem~
perature monitoring system, about two minutes was
required to determine an equilibrium resistance value.
This equilibrium value, tranalated into temperature,
is the temperature recorded.

There was urually time to get several temperature
steps before the LH, had boiled off enough to expese
the infulation on top of the test cell, At this peint,
the heaters were shut off, the thermistor atabilized
and the zero readings checked, Then the ullage pres-
sure was raised to 20 inches of water and calibration
readings were taken as soon as the thermistors stabil=-
ized. The last step was usually repeated for 10 and
0 inches of water pressure. This procedure provided a
daily thermistor calibration over the range of test
temperatures, :

Method of Cbtaining Readings:

With top plates No.'s 1 and 2, there was a
lower heat rate below which bubbles could not be
produced, Increacing the heat rate slightly produced
bubbles, but the heat rate had to be increased still
further to produce a measurable temperature indica-
tion. This value (about 0.2 R°) was used as a maximum
or limit, ’
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ACCURACY::

The thermistors were calibrated at the conclusion
of each run as described in Sectien 3.1. Since pres-
sures were measured on a water manometer (one inch of
water ecquals 0,036 psi which is approximately 0,012R*),
negligible error was introduced in the calibrating pro-
cedure, )

The reristance of the thermistora (100K to 500K
ohms), wes reproducible to within %t 0.1% on the re=
sistance hridre, Recause of the daily thermistor
calihration, reproducithility of measurements deter=
mined the nccuracy of the temnerature values., The
maximum drift of a thermistor dvriner any one run was
0,3% of ites resistance value, corresponding to approxe
imately 0,03R°*,

The run with Plate No. 3 involved a further con-
sideration of the temnerature drop across the =ilver
dises An urper-limit calculation was performed assuming
that all the rower used in that run (48 PTU/Hr) was
dinsipated'tbgouzh the dicc to the LR_. The result
was a 7 x 10 "R® temperrture drop ecross the dise.
Consequently the temperature indicated by the thermistor
in the copper plate war considered as the temperature
of the siiver dise &nd anv =lirht error so introduced
was neglected, ' '

The Plate No. 3 thermistor was calibrated after
the test over the temper~sture rance involved in the
run. From this ealitration and previour experience
with this tvpe of thernistor, the accuracy of the
stated temperature differential is estimated to be
* 1 R*.,
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RESULTS AND DISCUSSIONS:

Plate No, 1 Resultst

The finish of top Plate No. 1 was a 16 to 32 RMS
microinch finish lirhtly polished with a clean cloth.
When examined under a microscope there were occasional
pits of around 0.010 inch in diameter and possibly half
as deep. In the epoxy hetween the two pieces, there
were a few slightly larger pin holes.

A= this plate was heated, the bubhling always
begrn in the lareest pin hole in the epoxy, The next
fe# nuclertion pointe to appear were also in the epoxy,
Only after 5 or 6 nucleation points were active in the
epoxy did one appear on the ecopper.

Three runs were made iﬁ LH, with this plate and
the recultm were the same, The temperature differential
was lers than '0,2R°, the minimum measurable quantity,

Plate No. 2 Results: '

The finish of Plate No. 2 was the same as Noo 1.
Note that the plate was mace out of one piece and had
ne +rnoxv, The resulis vere the same =--- less than

rnoorne
e P e

Dlrte N, 3 Pesylts:

. et e o

This plate had the coin silver disc. The disc was
hard pclished with jewelers rouge to a 1,25 RMS micro-
inch finish, Prior to the test the finish was examined
under a microscope and no pite were visible. A post
test examination showed several pite of about 10 mils
diameter. Very prébably, the original hand polishing
had filled all pits with a mixture of polish and
silver power. The subsequent thermal cycle from room
temperature to 40°R and back to room temperature was
sufficient to loosen up the powder-polish mixture so
that it fell out. Precumably, the pits appeared after
the test was completed.

(Continued)
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RESULTS AND DISCUSSIONS: (Cont)

Plate No. 3 Results: (Cont)

The temperature of the plate was increased in
approximately O0.4R® steps, PRubhles began on the
copver at the usual small temperature differential
and by the time the plate temperature reached a 6R®
temperature differential, the top of the copper was
one big bubble, At this time a single nucleation
point appeared on the silver disc, followed several
seconda later by another, The heat was shut off,
the plate cocled and this one temperature point re-
peated,

Thermal Aepects of the Syetem:

The test cell consisted of a small cylinder
surrounded on the bottom and sides hy beiling LH
and on the top by 2 inches of foam insulation,
The LH, outside was in a sntate of agitation with
convecgion currents along the walls and the outer
1/8 inch of the top plate., Heat supplied to the
top plate (17 BTU/Hr being a typical value) has 3
porsible paths to the LH,. One was a heat loas
vrward through the foam, The marnitude of this
tve¢ can be calculated by arsuming a 0.2R® tem=
perature difference from the top plate to ths4top
of the foam, The value obtained is 4,8 x 10
RTLi/Hr, The heat used for bubble formation in the
cell can be estimated by observiong the number and
ppproximate size of the bubblea produced when slowly
hoiling.s The result from a typical situation was
17 x 10" ° BTU/Hr. Heat conducted from the top plate
through ghe IH, can be calculated directly and is
15 x 10~ BTU/ﬁr. The heat that flows from the edge
of the top plate directly to the LH, ocutside or from
the plate through the Plexiglas ring to the LH
cannot be calculated with any reasonable accuracy
hrcause of ‘the variable convection currents outside
the cell and insufficient available data on heat
transfer coefficients.

{(Continued)
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RESULTS AND DISCUSSIONS: (Cont)

However, it is the difference between those losses
discussed above and the total power input. . Using
'this result, 99.8% of the heat supplied to the top
plate .coes directly to the LW, outsmide the cell.
From the above considerations, one can make the
follewing Btatements:

1) No heat tfansfer coefficients can be
obtrined from these dnta for general
‘calculations,

2} There ir no close corrrlation hetween
¢ bert o rpnt to the rlate and the
»late tempernture.

Vifees of Supliehe:

The runs were normelly made with the light
shield around the dewar, On .one oeccasion while
adjusting eaquipment with the light shield removed,
bubbles were obrserved forming on the top plate.
No heat was being supplied to the plate., The
sunlicht was passing throurh the dewar walls, the
LH,, the Plexirlas ring and being reflected from
the bottom plate to the top plate. Bubbles were
being formed on the top plate evidently due to
the sunlieht. These bubbles were approximately
1 mm in diameter and being formed at the rate of
one bubble per 2 or 3 seconds. The bubble forma-~
tion stopped about 2 minutes after the dewar was
shaded. :
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RESULTS AND DISCUSSIONS: (Cont)

Result with E!a:

LN, was used to perform the preliminary checkout
of the equipment, - The temperature differential re-
quired to initiate bubbles in the LN, using the tep
Plate No. 1 was less than 1 R®, This same run was
repeated and this time no bubbles occurred for 18
minutes after the heat had been turned on. At this
time, a gentle tap on the dewar top was sufficient
to produce immediate bubbling from a single nucleation
point., No attempt was made to refine this measursment.
The value is stated as 1R, because there was ne
accurate calibration of this thermistor in the LN
region. The true value could earily be a factor of
5 or 10 lesas then thie,

Time Dependency of Nucleate Boiling:

In Reference A, Zero=-G Report: LH, Nucleate
Boiling, we said that we would discusas %hc "time~ .
dependency" of nucleate boiling in this report,

There was some evidence from the aircraft tests

that the threshold of nucleate boiling was time
dependents The tests herein reported investigated

the case of minimum temperature difference, Following
the application of a power sufficient to cause boiling
there was a delay of between 10 and 60 meconds (usually
about 30) before the formation of the first bubble,
The time delay based on the heat capacity of the plate
and the layver of LH, next to the plate is under %
second. It appears therefore thidt there is a real .
t4ime delay associated with the formation of biubbles

in liquid bhydrogen.
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RESULTS AND DISCUSSIONS: (Ceat) .

Summary eof Results:

Top Calib, R -
" Plate Method AT (°*R) Liquid.
1 ~ Rough Calib, ~ L1 1,
1 Rough Calib,  &°*1 -
1 Dewar Pressure & 0,2 L.H2
1 " on £ 0.2 Coom
1 K " £ 6.2 "

2 " " <o0.2 - "

2 " » < 0.2 "

2 " " < 0,2 J
3‘ Cryostat ¢ %1 -oon

(Post Test)

(*) Recuired a gentle tap to initiate beiling,

CONCLUSION:

In our tests even polished copper plates had
visible pits which acted as nucleation points to
initiate boiling in LH, at a very low super heat,
The Centaur tank walls will be covered with nuclea=-
tion points ~-- the welds alone supply an almost
infinite number., While it is possible to obtain
several degrees of super heat with especially pre-
pared materials, the temperature of the Centaur
tank walls will not be appreciably above the Lﬂz
boiling point, S
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